Long-lasting potentiation of synaptic transmission requires postsynaptic modifications in the neocortex.
The mechanisms of associative long-lasting potentiation (LLP) of excitatory postsynaptic potentials (EPSPs) were studied in the motor cortex of anesthetized cats. Mono- and oligosynaptic EPSPs were evoked by stimulations of thalamic VL nucleus, pyramidal tract, callosal and somatosensory system and paired with orthodromic, antidromic or current-induced action potentials. EPSP-spike stimulus pairs with 0.1-0.2 Hz frequency and 0-200 ms interstimulus intervals induced increases in the amplitudes and durations of EPSPs for 40-60 min or longer after 20-50 pairings. The LLP was prevented when postsynaptic firing was blocked by intracellular current injection or by juxtasomatic application of gamma-aminobutyric acid. LLP was also prevented when the level of intracellular free calcium was lowered by the intracellular injection of the calcium chelator EGTA or when neuronal transport was blocked by the intracellular injection of colchicine. Neither EGTA nor colchicine blocked postsynaptic firing. Thus, these findings show that LLP in the neocortex is a postsynaptic phenomenon which requires conjunctive pre- and postsynaptic activity, adequate levels of intracellular free calcium, and functional intracellular transport.